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Grinding residual stress in Al-alloy AC3A 
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ABSTRACT 
Al-Si alloy castings AC3A were wet ground with a SiC type grinder at different work 
speeds and different depths of cut using various grinding fluids. Effects of grinding conditions 
and plastic deformation on the residual stress were examined. The plasstic strain in ground 
layers was measured by the moire method. 
The maximum residual stress is intensified and the penetration depth of tensile stress is in­
creased as the depth of cut increases and the work speed accerelates. The moire strain in the 
normal direction at lmm in depth from the surface has a closed correction with the maximum 
residual stress. The residual stress and plastic strain in the ground layer are moderated by us­
ing oil type grinding fluids rather than water soluble type fluids. 
1. Introduction 
(1)-(5) 
Many studies of residual stress by grinding on ferrous alloys have been reported, while re-
sidual stress by grinding on aluminum alloys has rarely been studied because aluminum alloys 
have good machinability and grinding of them is not frequently required. 
This study used an Al-12% alloy casting whose demand increases nowadays because the 
alloy has a good heat and wear resistance compared with other aluminum alloys. 
This paper describes measurement results of residual stress generated in grinding layers of 
the alloy casting by grinding with various grinding conditions and grinding fluids. Generation 
process of residual stress and correlation between plastic strain and residual stress have been 
studied by measurement of plastic strain under the grinding surface by using moire method. 
2. Method of experiment 
An alloy casting of "AC3A-F" with aluminum-silicon base has been selected as the sample 
material. The material has a eutectic structure where hard small silicon particles uniformly dis-
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tributed in the soft base metal. A feature of the alloy as a non-heat treated material is that 
characteristics of individual pieces of the alloy are frequently equal to each other compared 
with other aluminum alloys. 
Specimens of 6mm X 8mm X 70mm and 5mm X 20mm X 70mm were finished by a milling 
machine after cutting from the outer part of an about 130mm dia. and 200mm long casting. The 
specimens were heated at 623K (350oC) for 2 hours, cooled in a furnace, relieved fro� that 
machining stress, and tested. 
Table 1 shows the chemical composition and mechanical properties after annealing of the alloy. 
Table 1 Chemical compositions . (mass %) and 
mechanical property of specimens 
Material Si Fe Cu Zn Mg Mn AI 
AC3A-F 11.4 0.32 0.13 0.10 0.06 0.03 hal 
Tensile strength Elongation Hardness 
149 MPa 5.0% 54Hv 
As for the grinding experiment, specimens were ground by each one downward grinding op­
eration under several combined conditions of work speed and depth of cut. The grinding wheel 
used was the silicon carbide wheel of "C24G5V" with consideration for combination with the 
material ground. Wet grinding was performed using two types of cutting fluid of a 2% water 
soluble fluid (An equivalent for No.2, type W2 in JIS. shown by "W-type" in Figs.) and a 
straight type fluid (An equivalent for No.l3, type 2 in JIS, shown by "0-type" in Figs.) to 
avoid effect of adhesion of grinding chips to the cutting edge of abrasive grit on layers ground. 
Grinding conditions were such that work speeds were 0.05m/s, O.lOm/s, and 0.15m/s at the 
depth of cut of 40 ,urn and depths of cut were 20 ,urn, 40 ,urn and 60 ,urn at the work speed of 
O.lOm/s, respectively. 
2.1 Measurement of residual stress 
Residual stresses in layers ground were measured by the strain gage method. A strain gage 
was stuck on the back surface of the grinding surface of a specimen. Anticorrosion coating was 
applied to specimens except the surface being removed by etching. A coated specimen was con­
nected with a digital static strain meter, zeroed, and submerged into a 20% sodium hydroxide 
solution in a constant temperature bath of about 298K (25oC) . The uncoated surface was re­
moved by that solution at a constant rate. The corrosion rate of specimens was previously 
checked by making a time-corrosion curve of the alloy using that solution and was tried to be 
constant. The strain gage showed variation in strain related to residual stress because the re­
sidual stress was relieved as a layer ground was gradually removed from the body of a speci­
men. The correlation curve between thickness removed and variation in strain were obtained. A 
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residual stress distribution from the surface to inner parts was obtained using the slope of the 
correlation curve, the thickness removed, and the total strain measur'ed by removal of all the 
layers effected by grinding. The removed thickness of a specimen was the average of measure­
ments at several points in both edge parts of the specimen using a minimeter. 
The residual stress a (a) at the depth of "a" from the grinding surface is given by the fol­
lowing equation. 
a (a) =- E/2 { (h-a)delda-4£ +6 (h-a) foa e/ (h-x) 2·dx} 
where, Young's modulus: E = 7.06 X l04 MPa, 
h : thickness of a specimen, 
a : thickness removed by etching. 
2.2 Measurement of plastic strain generated in parts under the grinding surface 
In this expriment. moire method was used to study plastic deformation generated in parts 
under the grinding .surface. A specimen consisted of two 5mm X 20mm X 70mm component 
pieces which a piece was put on another, so that the specimen was 70mm long, 20mm wide, and 
lOmm thick. 
Before putting, the contact surface of the pieces was lightly ground using water, buffed, che­
mically treated, and then an orthogonal lattice (250 lines/25.4mm) was printed on the contact 
surface (20mm X 70mm) of either piece. Either lOmm X 70mm surface of the specimen was 
gound under a specified condition. After grinding, the specimen was separated into two pieces. 
Respective moire strains ofdUxldx in the x direction (Grinding direction) and dUy/dy in the 
y direction (Normal to the grinding direction) were obtained by taking a picture of moire fring­
es appeared by putting a reference lattice on the printed lattice and turning the reference lattice 
clockwise by Oo ( =1711"1180, 17oC) . 
Respective grinding resistance in the horizontal and the vertical direction were measured by 
(6) 
the grinding dynamometer which a strain gage w�s stuck on a long octagonal elastic ring. 
3. Experrimentat results · 
Genaration of residual stress under various grinding conditions is described. Fig.l shows 
grinding results at a 40 pm depth of cut and at various work speeds. Both grinding results us­
ing the water soluble fluid (hereinafter referred to as "water grinding") and the straight type 
fluid (hereinafter referred to as "oil grinding" ) deary indicate that outer parts have residual 
tensile stress and that the stress decreases with depth. As the work speed increases from 
0.05m/s to O.lOm/s, and to 0.15m/s, residual stress in outer parts increases and a depth at 
which the residual stress is zero also increases. Hereinafter, the depth is named "Penetration 
depth of tensile stress." Residual stresses by oil grinding are smaller than those by water 
grinding under all grinding conditions. In the case of the·0.15m/s work speed, residual stresses 
by oil grinding are generally 15MPa to 20MPa smaller than those by water grinding. 
Fig.2 shows grinding results at a O.lOm/s work speed and at depths of cut of 20pm, 40pm, 
and 60 pm, respectively. Greater residual stress results from deeper grinding. Oil grinding re-
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Fig.2 Residual stress distributions in alloys 
ground at different depthp of cut. V; 
Wheel speed, v; Work speed, t; Depth of 
cut, W-Type; Water soluble oil. X 50, 0-
Type; Oil type fluid. 
duces both maximum residual stress at the outside surface and the penetration depth of tensile 
stress compared with those by water grinding, as is the case with Fig.L In the case of deeper 
cuts of 40 ,urn and 60 ,urn, water grinding shows about 40MPa to 20MPa greater residual stres­
ses than those by oil grinding at the surface and inner parts. respectively. The respective re­
sidual stresses at the surfa�e by water grinding and by oil grinding show a greater difference 
than those at the inner parts. 
The residual stress distribution is characterized by the maximum residual stress and the 
penetration depth of tensile stress. Fig.3 shows effect of depth of cut and of work speed on the 
maximum residual stress. 
The maximum residual stress increases as 
work speed and depth of cut increase. The 
maximum residual stress by oil grinding is 
smaller than that by water grinding. Differ­
ence in residual stress caused by the differ­
ence between the two grinding fluids more 
varies with depth of cut than work speed. 
Fig.4 shows the correlation between grind­
ing condition and grinding resistance. Grind­
ing resistance increases with work speed or 
depth of cut. Both tangential and normal grind­
ing resistance by water grinding are greater 
than those by oil grinding. Grinding resistance 
is an external force . during grinding and is 
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Fig.3 Relations between the maximum residual 
stresses and grinding conditions. 
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thought that the resistance has a relation with 
generation of residual stress. Fig.5 shows a 
correlation between the normal grinding re­
sistance under each grinding condition and the 
maximum residual. stress at various work 
speed and depth of cut. The maximum residual 
stress increases with grinding resistance. The 
maximum residual stress by water grinding 
differs from that by oil grinding. In the case of 
water grinding, the maxmum residual stress 
correlated to a normal resistance varies with 
work speed or depth of .cut, so that the cor­
relation between normal grinding resistance 
and the maxmum residual stress does not 
show the sole correlation. 
4. Discussion 
The authors have been studied generation 
of residual stress by grinding and effects of 
plastic deformation on residual stress for re­
search on the generation mechanism of re­
sidual stress for several ferrous alloys. 
The studying method is mesurement of a 
plastic strain in layers ground at various depths 
under the interface between a grinding wheel 
and the surface of a specimen using moire 
method for the specimen in a grinding process. 
Measured strains are the dUxldx and the dUyl­
dy in the grinding direction and the normal 
direction to the grinding direction, respectively, 
as shown in Figs.6 and 7. 
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Fig.5 Relations between grinding forces and the 
maximum residual stresses. 
In grinding, layers under the contact surface with a grinding wheel are subjected to temper­
ature rise caused by grinding heat and shearing deformation caused by mechanical effect of the 
grinding wheel. Layers being nearer to the contact surface bear more effect. Unclear moire 
frings due to high temperature and excessive strain make measurement of moire strain difficult, 
so that strains in about lmm or deeper layers from the surface were actually measured. The 
characteristics of the strains are that the dUyldy in the normal direction largely varies, while 
the dUxldx in the grinding direction does not vary much as shown in Figs.6 and 7 because the 
effect of residual stress on dUxldx is thought to be a little or nearly zero. 
The dUyldy, plastic strain iri about lmm or deeper layers from the surface, is noticeable 
factor concerning generation of residual stress. Residual stress is generated by stress balance 
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Fig.7 Moire strain distributions in alloys ground 
at various wheel depth of cut. 
due to difference in strain between outer and inner layers, so that the dUyldy is thought to 
have a correlation with residual stress in outer layers including the surface. 
As shown in Fig.6, the dUyldy generates compressive strain in about lmm or deeper layers 
from the surface, correlating to work speeds of 0.05m/s, O.lOm/s, and 0.15m/s. Layers having 
any compressive strain by water grinding are deeper than those by oil grinding. 
As depth of cut increases from 20,um, to 40,um, and to 60,um. the compressive strain at ab­
out lmm depth increases as shown in Fig.7. In the case of oil grinding, the compressive strain 
at about lmm depth approximately equal to that by water grinding and the compressive strain 
at about 2mm depth is nearly zero, while the depth at which the compressive strain by water 
grinding becomes zero is about 3mm. If the dUyldy (Plastic strain because the surface is in 
free condition) is compressive, plastic strain in the direction parallel to the surface is tensile 
strain because it is thought that the volume of the parts at the above mentioned depth un­
changes before and after deformation. The above tensile strain is the sum of plastic strain and 
strain correlated to residual stress, so that residual compressive stress is generated. Since the 
large normal compressive strain at a lmm depth from the surface is shown in Figs.6 and 7, 
generation of a horizontal residual compressive stress in that part is thought. The large re­
sidual tensile stress exists at that part in terms of stress balance as shown in Figs.l and 2. 
Fig.8 shows the correlation between the dUy/dy at a lmm depth from the surface and 
grinding conditions, that is, work speed and depth of cut. The dUyldy increases with depth of 
cut or work speed and does not clearly vary with grinding fluid. 
Fig.9 shows the correlation between dUy/dy and the maximum residual stress. The correla­
tion curve hardly varies with speed, depth of cut, and grinding fluid. 
The state of plastic strain under the grinding surface varies with grinding fluid, so that it is thought 
that the generation process of residual stress by water grinding differs from that by oil grinding. 
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5. Conclusion 
Residual stresses after grinding on speci­
mens ·of Al-Si alloy "AC3A" were measured. 
Residual stresses were generated under sever­
al grinding conditions in which grinding fluid, 
work speed, and depth of cut were changed. 
Effect of plastic deformation on residual stress 
was studied for· research on generation pro­
cess of residual stress. 
1) As work speed and depth of cut increase, 
residual tensile stress in outer parts and 
penetration depth of tensile stress increase. 
Residual stress by water grinding is greater 
than that by oil grinding. Especially, re­
sidual stresses by water grinding with large 
depth of cut are generally big from the sur­
face to inner parts. 
2) Strains generated on the side of specimens 
were measured for research on generation 
process of residual stress. The normal 
strain at about 1mm depth from the surface 
is well proportional to the maximum re-
sidual stress in that part. 
This paper was presented on Journal of 
Japan Institute of Light Metals Vol.35 (1985) 
618, and ALUMINIUM 62 (1986) 520. 
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